Two experiments were conducted to examine the space requirements of barrows grown to 136 kg BW. In Exp. 1, barrows (initial BW 19.5 kg) were allowed .65, .84, or 1.02 m 2 /pig floor space in a fully slatted facility with 12 pigs/pen. In Exp. 2, conducted at three experiment stations in the north central region of the United States (Iowa, Indiana, Nebraska), barrows (initial BW 55.5 kg) were allowed .65, .93, or 1.20 m 2 /pig floor space in either partially or totally slatted facilities. In Exp. 1, there was a linear ( P < .05) decrease in ADG for the first 29-d period with increasing space. Overall, ADG responded in a quadratic ( P = .09) manner to increasing space allocation (.841, .855, and .824 kg/d for the .65, .84, and 1.02 m 2 treatments, respectively) with a linear ( P = .06) decrease in gain:feed ratio (.322, .318, and .312). Space allocation had no effect ( P > .10) on ADFI, last rib fat depth, or rate of lean gain. In Exp. 2, ADG improved linearly ( P = .08) with increasing space (.836, .857 and .865 kg/d for the .65, .93, and 1.20 m 2 treatments, respectively), with a quadratic ( P = .07) response in gain:feed ratio (.270, .265, and .268, respectively). There was no effect of space allocation on uniformity of gain within a pen as measured by coefficient of variation for pig weights within a pen at the time of first pig removal. The results of these experiments suggest that performance of barrows grown to 136 kg BW was maximized with .84 to 1.0 m 2 of floor space per pig.
Introduction
Investigators have reported the response of finishing pigs (50 kg BW to market weight) to various space allocations in either partially or totally slatted facilities since 1966 (Gehlbach et al., 1966) . Kornegay and Notter (1984) summarized the effects of floor space in 12 experiments for finishing pigs in the weight range of 44 to 92 kg. More recently, Moser et al. (1985) and Meunier-Salaun et al. (1987) reported the effects of space restriction for pigs up to 100 kg BW. There is an economic incentive to market pigs at weights heavier than the final weights of pigs reported in the previous experiments. A majority of U.S. meat packers increasingly discount the price that producers receive for pigs that weigh less than 100 to 105 kg BW. Recently, the NCR-89 Committee (1993) reported on investigations of space requirements for pens of mixed-sex pigs fed to a BW of 113 kg, very near the average market weight of 112 kg reported for 1994 farrow-finish cooperators in the University of Nebraska and Iowa State University Swine Enterprise Records program (Kabes, 1995; Baas, 1995) . As producers market pigs at heavier BW, information is needed on the impact of various pen space allocations on performance of even heavier pigs. Such information would allow producers and advisors to more effectively evaluate the economics of various pen densities on cost of production and profitability (Powell and Brumm, 1992) .
Materials and Methods
Two experiments were conducted to determine the effects of floor space allowances on barrow pig performance to 136 kg BW. Experiment 1 was conducted from 19.5 to 136 kg BW and Experiment 2 from 55 to 137 kg BW.
Within each experiment, space occupied by the feeder was subtracted from total pen space in the determination of space treatments. If a pig was removed from a pen during an experiment, pen size was adjusted to maintain the correct space allocation per pig. In both experiments, pigs were individually removed from a pen during the week they reached a BW ≥ 136 kg, and pen size was not adjusted thereafter.
Experiment 1.
One hundred eighty maternal-line barrows were purchased from Newsham Hybrids (USA) (Colorado Springs, CO) and transported from an off-site, segregated early wean nursery near Lamar, CO, to the University of Nebraska's Northeast Research and Extension Center at Concord. Immediately after arrival, all pigs were weighed, ear-tagged, and assigned to experimental treatments on the basis of BW outcome groups. Within outcome groups, five pens of 12 barrows/pen were assigned to three space allocation treatments (.65, .84, and 1.02 m 2 /pig). Pigs were housed in a fully slatted, naturally ventilated confinement facility. Each pen contained a two-hole self feeder and two nipple waterers. Sprinklers were used for summer heat relief and set to begin intermittent sprinkling when air temperature in the facility exceeded 27°C.
Diets (Table 1 ) were formulated in consultation with the genetic supplier and were changed on the week pig average weight in individual pens achieved target weights of 45, 68, 91, and 114 kg.
Last rib fat depth was determined by ultrasound (LeanMeater ® , Renco Corp., Minneapolis, MN) 5.1 cm off the mid-line on all pigs the week a pen of pigs averaged 113.6 kg BW or greater and again when individual pigs were removed for slaughter. Individually identified pigs were slaughtered at IBP (Madison, NE), and last rib mid-line fat depth was measured on the hot carcass by steel ruler to the nearest 2.5 mm. Rate of lean gain containing 5% fat was calculated using NPPC (1991) procedures. Table 2 . Within stations with partially slatted pens, the ratio of slatted floors to solid floors was similar across all treatments. Crossbred pigs at all stations were classified as having medium lean gain potential (.25 to .35 kg/d) to 136 kg BW.
Within stations, there were a maximum of 15 pigs per waterer and no more than five pigs per feeder hole. All pigs were provided ad libitum access to a corn-soybean meal-based diet containing no antibiotic in meal form. Diets were formulated within stations to contain .70% lysine until pigs reached 91 kg BW, followed by .55% lysine to termination. All diets were formulated to contain .60% Ca and .50% P and met or exceeded NRC (1988) nutrient requirements for finishing pigs. The number of pigs per pen was constant across all treatments at two stations (Iowa = 7, Nebraska = 12) and varied at the third (Indiana = 12 to 16). When ≥ 50% of the pigs had been removed from a pen, the remaining pigs were fed as a group for up to 3 wk or until the pen of pigs averaged 136 kg BW.
Statistical Analysis. The pen of pigs was considered the experimental unit for statistical analysis in both experiments. Analysis of variance as a randomized complete block design was conducted using SAS (1988) . Orthogonal contrasts were used to test linear and quadratic effects of space allocation. In Exp. 2, the error mean square of the station × treatment interaction was used as the error term to test treatment effects, and the treatment × replication within station error mean square was used to test the station × treatment interaction.
Results and Discussion
In Exp. 1, within 29 d of arrival, there was a linear decrease in pig weight ( P = .06) and ADG ( P < .05) with increasing pen space (Table 3 ). This decrease in gain occurred with no difference in ADFI and a nonsignificant ( P = .11) decrease in gain:feed ratio. These trends continued to the 43-d weigh period.
By the 99-d weigh period, there were quadratic ( P < .05) responses for pig weight, ADG, and ADFI, with the pigs given the intermediate space allocation (.84 m 2 /pig) having the best performance and those given the most space (1.02 m 2 /pig) having the poorest performance.
The week all pigs in the research facility averaged 110 kg BW ( d 106 of the experiment), erysipelas was diagnosed by a consulting veterinarian. Pigs were treated under veterinary supervision with penicillin Kornegay and Notter, 1984) , no effect of space allocation on overall ADFI was detected. Gain:feed ratios decreased ( P = .06) with increasing space allocations.
Uniformity of gain within pens of 12 pigs was estimated by calculating the coefficient of variation of pig weight within pen when the first pig within a pen weighed ≥ 136 kg. A quadratic response ( P = .1) was observed, with the least variation (CV = 6.9) in pens that provided .84 m 2 and the most variation (CV = 8.2) in pens that provided .65 m 2 .
Although never significant, regardless of time period (113.6 kg or slaughter) or method of measurement (ultrasound vs steel ruler), the pigs given the least space (.65 m 2 /pig) had the least last rib fat depth. These results agree with NCR-42 (1993) results in which crowded pigs slaughtered at 114 kg BW also had a numeric but nonsignificant decrease in backfat.
In Exp. 2 there was a linear ( P = .08) response in ADG to increasing space, with finishing pigs given .65, .93, and 1.20 m 2 gaining .836, .857, and .865 kg/d, respectively (Table 4 ). This increased ADG was due to a linear increase ( P = .06) in ADFI with no effect on gain:feed ratios. Similar to Exp. 1, there was no effect of increasing space on weight variation as measured by the coefficient of variation of within-pen weights.
Because of differences in fat depth determinations between stations, the fat depths are reported within station in Table 5 . The protocol was set up to estimate the increase in last rib fat depth as barrows grew from 114 kg to 136 kg and the effect of space allocation on fat depth. However, only Indiana and Nebraska used the same measurement procedures at both weights. The results from the Iowa station cannot be compared between periods because of differences in measurement methods. Regardless of the station or measurement method, pigs given .65 m 2 had the lowest numeric fat depth at both weigh periods, similar to the results of Exp. 1 and NCR-42 (1993) .
No abnormal behavior, such as tail biting, was noted for any of the space allocations investigated, even though the .65 m 2 /pig treatment is less than the recommended .74 m 2 /pig for pigs marketed at weights < 113 kg (Fritschen and Muehling, 1976) . Minimal behavioral vices were also reported for pigs up to 113 kg BW at .56 m 2 /pig (NCR-89, 1993) .
The quadratic response to increasing space in Exp. 1 and the diminishing increase in ADG between the .93 and 1.20 m 2 treatments in Exp. 2 suggest that the space requirement to maximize ADG, gain:feed, and the rate of lean gain for barrows slaughtered at 136 kg BW is between .84 and 1.0 m 2 . The quadratic ( P < .089) response in Exp. 1 and linear ( P < .083) response in Exp. 2 for ADG to increasing space allocations suggest a possible genetic and(or) facility interaction that merits further investigations.
Implications
These results suggest that performance of pigs marketed at 136 kg (as measured by ADG, ADFI, gain:feed, and backfat) is maximized between .84 and 1.20 m 2 /pig. The quadratic versus linear results between experiments suggest the requirement may be closer to .84 to .93 m 2 /pig, rather than the 1.02 and 1.20 m 2 /pig upper bounds tested.
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